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1 Test Methods

1.1 Impact Sensitivity Testing

Impact sensitivity testing was performed using a modified Bureau of Mines (MBOM)
impactor manufactured by Safety Management Services, Inc., shown in Figure 1. Type-
12 tooling was utilized on this machine with a 2.5kg impactor and matching intermediate
mass. This particular machine is capable of a maximum drop height of 115cm with
0.1cm increments, though 1cm increments are typically used. Sample material was
placed (35 + 2mg) onto 1 inch squares of Norton brand 180A Garnet sandpaper. Positive
results were detected visually or audibly by the operator as smoke, flash, report,
charring/tearing of the sandpaper, etc.

Intermediate
IMass

Concrete Base

Figure 1. MBOM Impactor and Type-12 tooling overview

1.2 Friction Sensitivity Testing

Friction testing was conducted using a BAM machine manufactured by UTEC Corp,
LLC, shown in Figure 2. A small amount of sample material (~10mm?) is placed upon a
porcelain plate affixed to an actuating base [1, 2]. A load is applied through a rounded
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porcelain pin clamped into a collet on the loading arm to which various weights are hung.
When triggered, the base reciprocates through 10mm of movement (Figure 2).

. Loading Arm Lid
| Plate ‘

)

Plate motion

Sample

Figure 2. The BAM friction tester and mechanism

Porcelain pins and plates are manufactured by Reichel & Partner, GmbH. Stimulus
levels are shown in Table 1.

Table 1. Stimulus levels (kg) for the BAM friction tester

050607 08]09]10
12 114 116 | 18 | 20 | 24
28 | 30 | 32 | 36 | 40 | 4.2
48 | 54 | 56 | 60|64 72
80 | 84|96 |108]11.2)|12.0
128|144 |16.0 ] 16.8 | 18.0 | 19.2
21.6 | 24.0 252 |28.8 | 32.4 | 36.0

Positive results were detected visually or audibly by the operator as smoke, flash, pops,
crackles, etc. The load, in Newtons is calculated by multiplying the stimulus level (kg)
by ten.

1.3 ESD Sensitivity Testing

Electrostatic discharge (ESD) testing was conducted using an ABL (Alleghany Ballistics
Laboratory) machine (Figure 3) manufactured by Safety Management Services, Inc.
Voltage was held constant at 5000 + 20V while capacitance was varied to adjust the
energy levels. Typically used energy levels are shown in Table 2.
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Figure 3. ABL-ESD tester and mechanism

Table 2. Energy levels (J) for the ABL-ESD tester

Capacitance | Energy at 5000V
(LF) )
0.75 9.375

0.5 6.25
0.25 3.125
0.1 1.25
0.05 0.625
0.02 0.25
0.012 0.15
0.006 0.075
0.002 0.025
0.001 0.0125
0.0005 0.00625
0.0002 0.0025

Results were determined through the use of an infrared gas analyzer (CO2/CO) - a model
ZRE manufactured by California Analytical Instruments, Inc. A change in concentration
greater than 40ppm for either gas was considered a positive reaction. A digital
photograph was taken of each run as a supplemental record [3]. The specific camera used
was a Nikon D90 DSLR camera utilizing a 200mm Nikkor lens. A one second exposure
was taken during each trial.
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1.4 Statistical Analyses

1.4.1 Bruceton Method

The Bruceton [4] analysis method determines the stimulus level at which there is a 50%
chance of initiation (Hso). Also known as the Up-Down or Staircase Technique, a
Bruceton consists of a minimum of 21 tests at varying stimulus levels for a sample
material. The material response at a specific level dictates the next level to be tested.
After a positive reaction (Go), the next lower level will be used. After a negative reaction
(No Go), the stimulus is increased one level. Once the desired number of tests is
completed, the 50% level and standard deviation are calculated. An example Bruceton
analysis is shown in Figure 4, with the dashed line representing the calculated Hso of 48.4
+ 0.6 cm. Bruceton results are reported in comparison to results from well characterized
materials such as PETN or RDX.

Figure 4. An example Bruceton and calculated Hso (dashed line)

1.4.2 TIL Method

This method determines the stimulus level at which zero reactions occur during twenty
(or fewer) consecutive trials with at least one positive reaction at the next higher level.
Operators typically begin at a higher stimulus level where a reaction is likely. Upon
observation of a reaction (Go), the stimulus level is reduced by a single step. Upon
observation of a non-reaction (No Go), the test is repeated at the same level. When 20
(for a 0 of 20 TIL) consecutive No Go’s at a single stimulus level are recorded, this level
is reported as the TIL. A 0 of 20 TIL represents an approximately 3.4% chance of
initiation at the reported stimulus level. An example BAM friction TIL with a final result
of 160N (16.0kg) is shown in Figure 5. TIL results are typically reported with results
from well-characterized materials such as PETN or RDX for comparative purposes.
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Load Trial #

Figure 5. An example TIL, 0 of 20

2 Test Materials
Test materials consisted of multiple lots of CL-20 (HNIW) of variable particle sizes

produced via recrystallization using various methods. Specific variances between
recrystallization methods are detailed below.

Table 3. CL-20 lot recrystallization variances

Lot # Variance
MM2545-40 Sl_ov_v crash precipit_ati(_)n, 5¢g of 2um seed crystals (2hr
stirring post precipitation)
Slow crash precipitation, 5g of MM2545-40 CL-20
seed crystals (1.5hr stirring post precipitation)
DMR-1103-#1-38 | Rapid crash precipitation, no seed crystals
DMR-1103-#1-40 | Slow crash precipitation, no seed crystals
DMR-1103-#1-44 Crash prec.ip.itated, attempt to produce B-CL-20 (30

seconds stirring post precipitation)

Same method as MM2545-40, except using 10% (wt.)
2um seed crystals.

MM2594-48

DMR-1103-#1-45

Multiple particle size analyses were conducted on each lot of CL-20 utilizing a Beckman-
Coulter LS 13 320. Average particle size distribution plots for each lot are displayed
below. SEM images are also presented for each lot, with additional higher magnification
images of lots -44 and -45 presented for clarity.
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Figure 6. Average particle size distribution for Lot MM2545-40
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Figure 7. SEM image of Lot MM2545-40
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TU 134871 MM2594-48 average

10 — TU134871 ave_01_01 $av
8_
) A\
£ .
3 47 W
> \ (Y
2- \ ‘\I“'u.
A

T T 1 T T T T
40 60 100 200 400 1000 2000
Particle Diameter (pm)

Figure 8. Average particle size distribution for Lot MM2594-48

CL-20 TU134871 #29 10 u o C1A4KX Width=1000pm 28 May

I I 1.10 kV Stageat T= 100° Mag> Polaroid 545
File= 100um-1 tif SE2 WD = 53 mm 1.05e-004 Pa

Figure 9. SEM image of Lot MM2594-48
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Figure 10. Average particle size distribution for Lot DMR-1103-#1-38

100 pm 14X Width = 1000.0 ym 29 May 2016
CL-20 DMR-1103_1-38 110 kv Stage at T= 100° Mag> Polaroid 545
File= DMR1103_1-38_1000um-1.tif I I SE2 WD = 4.7 mm 1206004 Pa

Figure 11. SEM image of Lot DMR-1103-#1-38
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Figure 12. Average particle size distribution for Lot DMR-1103-#1-40

100 ym 114X Width = 1000.0 pm 1 Jun 2015
CL-20 DMR-11 03_1 -40 | | 1.10 kV Stage atT= 10.0° Mag> Polaroid 545
File= DMR1103_1-40_1000um-1 tif SE2 WD=39mm 2.25e004 Pa

Figure 13. SEM image of Lot DMR-1103-#1-40
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Figure 14. Average particle size distribution for Lot DMR-1103-#1-44

100 um 114X Width = 1000.0 pm 24 Jun 2015
CL-20 DMR-1103_1-44 H 110 kV StageatT= 50° Mag> Polaroid 545
File= DMR1103_1-44_1000um-1.tif SE2 WD = 50 mm 1.30e-004 Pa

Figure 15. SEM image of Lot DMR-1103-#1-44
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45TKX Width=25.00 ym 24 Jun 2015
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Figure 16. Higher magnification SEM image of Lot DMR-1103-#1-44
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Figure 17. Average particle size distribution for Lot DMR-1103-#1-45
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100 pm 114 X Width = 1000.0 um 24 Jun 2015

CL-20 DMR-1103_1-45 110 KV StageatT= 50° Mag> Polaroid 545
File= DMR1103_1-45_1000um-1.tif | | SE2 WD= 42mm 1.26¢-004 Pa

Figure 18. SEM image of Lot DMR-1103-#1-45

457K X Width = 25.00 ym 24 Jun 2015
2um
CL-20 DMR-1103_1-45 : 140 kV StageatT= 50° Mag> Polaroid 545
File= DMR1103_1-45_25um-3.tif SE2 WD = 4.2 mm 1.26e-004 Pa

Figure 19. Higher magnification SEM image of Lot DMR-1103-#1-45

12
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Mil-spec PETN (pentaerythritol tetranitrate) and RDX (cyclotrimethylenetrinitramine)
data is provided for comparative purposes [5, 6]. All materials tested were dried prior to
use.

3 Results

3.1 Impact Sensitivity Testing Results

Test results for impact sensitivity are shown below (Table 4).

Table 4. Impact sensitivity test results and conditions

. Hso Temp. RH

Material Test Date (cm) °C) (%)

PETN* Multiple 125+0.8 22.3 35.1
RDX* Multiple 23.3+1.2 21.4 30.6
CL-20 (MM2545-40) 6/18/15 21.5+1.3 23.8 43.7
CL-20 (MM2594-48) 6/15/15 72.6+1.2 22.8 48.2
CL-20 (DMR-1103-#1-38) 9/4/15 206 £2.1 23.6 46.3
CL-20 (DMR-1103-#1-40) 8/19/15 149+£1.1 24.7 41.2
CL-20 (DMR-1103-#1-44) 8/4/15 19.6 £4.9 22.8 47.7
CL-20 (DMR-1103-#1-45) 8/5/15 255+1.3 24.4 42.2

*Results averaged from multiple test series

3.2 Friction Sensitivity Testing Results

Test results for friction are tabulated below (Table 5).

13
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Table 5. Friction sensitivity test results and conditions

. TIL, 0 of 20 Temp. RH

Material Test Date (N) °C) (%)

PETN* Multiple 33 20.9 37.5
RDX* Multiple 164 21.6 30.1
CL-20 (MM2545-40) 6/25/15 56 23.7 53.4
CL-20 (MM2594-48) 6/16/15 80 22.8 53.8
CL-20 (DMR-1103-#1-38) 9/4/15 64 23.6 46.3
CL-20 (DMR-1103-#1-40) | 8/20/15 54 24.6 44.3
CL-20 (DMR-1103-#1-44) 8/6/15 60 24.4 41.2
CL-20 (DMR-1103-#1-45) 8/6/15 72 24.4 41.2

*Results averaged from multiple test series

3.3 ESD Sensitivity Testing Results
Test results for ESD are tabulated below (Table 6).

Table 6. ESD sensitivity test results and conditions

. TIL,00f20 | Temp. RH

Material Test Date ) °C) (%)

PETN* Multiple 0.125 23.1 43.2
RDX* Multiple 0.150 20.6 25.4
CL-20 (MM2545-40) 6/17/15 0.075 22.6 54.2
CL-20 (MM2594-48) 6/16/15 0.15 22.7 55.3
CL-20 (DMR-1103-#1-38) 9/4/15 1.25 23.4 47.8
CL-20 (DMR-1103-#1-40) |  8/24/15 0.625 23.7 51.4
CL-20 (DMR-1103-#1-44) | 8/6/15 0.025 229 | 447
CL-20 (DMR-1103-#1-45) | 8/7/15 0.075 22.9 46.2

*Results averaged from multiple test series

Due to varying particle size/geometry, these multiple lots of CL-20 displayed variable
behavior in response to ESD stimulus. Besides the varying sensitivities shown in Table
6, the ignition behavior of each lot was particularly distinct.

Lots with larger comparative particle sizes displayed a very distinct ignition trace, as

shown in Figure 12 and Figure 17. Slow burn traces of individual particles were easily
captured during the one second exposure.

14
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Figure 20. Lot MM2545-40 TIL+1 (Go) and TIL (No Go) level responses

Figure 21. MM2594-48 TIL+1 (Go) and TIL (No Go) level responses

Figure 22. DMR-1103-#1-38 TIL+1 (Go) and TIL (No Go) level responses

15
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0.625]

Figure 23. DMR-1103-#1-40 TIL+1 (Go) and TIL (No Go) level responses

0.025]

Figure 25. DMR-1103-#1-45 TIL+1 (Go) and TIL (No Go) level responses

16
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4 Summary

All but one of the CL-20 lots displayed impact sensitivities lying approximately between
those of dry, mil-spec PETN and RDX. The exception, MM2594-48, showed
significantly less sensitivity to impact. The highest sensitivity lot, DMR-1103-#1-40,
was equivalent to PETN. This lot also had the largest mean particle size. This is likely
due to the crushing of the larger crystals during impact, leading to a greater frequency of
hotspot formation.

None of the examined lots displayed any exceptionally large variations in sensitivity to
friction. All materials behaved slightly less sensitive than PETN, though more sensitive
than RDX.

Traditionally, sensitivity to ESD is more heavily influenced by particle size than friction
and impact. The test results of these variations of CL-20 support this assertion. The lots
with the larger particle sizes, DMR-1103-#1-38 and -40, showed the lowest ESD
sensitivity. ESD sensitivity increased as the particle size decreased, with several lots
showing a slightly increased sensitivity compared to dry PETN.
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6 Appendix 1: Impact Sensitivity Test Data

Impact Sensitivity Test Results
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Impact Sensitivity Test Results

Tools: (LA Date: (o~ (S-15

Material:  £(-210

Striker: 4.5k, | RH(%): 4§

2

Samplesize: 3¢ *73 ...
g

Impactor: 9.5c.

Temp (°C): 2.7

Notes:

Sandpaper: Operator:
F.XOZ ’ ?'3_ Pl l“f’ MM 259948 blead
Run # HL. (cm) Go | No Go | Comments

1] 34 0

2| 50 @)

3| 0 4 Repurd, Plasl, cindlee pror horn (ebling 5275
4 70 i e, ¥ v

5 e X N ",
I S i
I 939 = i
8 ,_.?"),. K N i
9| 7] 0

10 i (]

11 =3 O

12] 74 K o il
13 72 X% S 3
1| 7% |XK o v
15 21 (8]

16 7 A [?]

17 73 0

18] 74 % e i
19 73 : [@]

20 74 X o Z
21 73 (@)

22 79 | X "N *
23 73 % & 4
24 22 | X '~ G
25 7 (@]

26 7A ©

27 e TN

28

29 I\ & =% ¢ % | F) i
30 ( {so (A b — 1. Dom )
31

32

33
34
35
36
37
38
39
40

19



SNL-SSST-20151022

Impact Sensitivity Test Results
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Impact Sensitivity Test Results
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Impact Sensitivity Test Results
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Impact Sensitivity Test Results
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7 Appendix 2: Friction Sensitivity Test Data

BAM Friction Test Results
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60 clololojololelo[d] O[Ol Crack , gefling

20 |O[9[X S i ’
F b [V1F4 crckle, sk

s.0 |o|dOoololOldeo]OOlo]OlO[0[o| 2o o | Tic B = Sear

| Material:| Cc-20 MM Asgs ~ 40 ] [Loperator:] —= ghillpes ] [ Temp(C):[ 227 |
[ Dpate] £-a55 ] [ RH(%):] sz¢ |
Notes: .
e 8 ol el
BAM Friction Test Results
Load Run # c
4('\I:I\:g) \1{ 2|3lals|e|7|8|ofwof1a]12][13]14]15[16]17]18]19]20
0 ), AR ok, jeflia
b0 ¥ Crackle, ;;-.Tk?""d‘a_
T'J\.{ \§< Saap ool feffiag
1. \effing , Srnp =
08 [OPL snnp il
46 | A N C T
84 |olOlOO]O]O]Y _| Cnap
¢o |[OlololdldlololalolOlOdolalo|dololalola !
‘ Material:] Cl-20 | [_operator:] T.8R:[lps | Temp:| 22.£°C |
Date:] (-fe~(5 ]| RH:| $3.¢v,
Notes: (F|eqd MM AS94 48
fe
No Go 4]
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BAM Friction Test Results

Load i & Comments
(Kg) 1lzlalals]el7]8]ol1of1a]12]13]14]15[16[17[18[19]20
§.0_|olo| Ol oo X cruckle
gy OolIpld|O010 Y Saag _simoke efechy
a.e |Olololelololololo]dolal X Craclelt , semoke
108 | X Crackle, simske
7.2 |[0|91K SAAPT ejeda
4 [olOloP [T olol@@o0olalflo | olo|o]o =
T (afao)
% j,
Ay
[ Material:] cL-20 ©O~F-le3-g|-22) | [ op EZ AT ] [ Temp(cp:[ 23.(
| Date:]  I~4-qs | RH (%):] %¢.2 ]
Notes:
Lo dnaiy  Frea-Plocisy  wlie povde
No Go 4]
BAM Friction Test Results
Load Run #
(Kg) 1lz2|3lalslel7]alolol11]12]a3]14la5]16]17]18]19]20 (:amment‘s
0.8 Q016 CRACKT e T1s:L)
s O e 7 flash
T T CRALK! ejecla
ab |A S r
&e X LnaP
72 0101010 ]ale] O old] O X pop, ejeda
et [OIO0[01X 3 CRAckl ejedds
6O [JOO[O|J[X copclls , Spnake
s5.¢ [Blolldlo[Olo]O] K POP, ejech simoke
.4 OOOOOOGOC)O@OOOOOO(‘}DO/L
TIL _oF20
E /
S
[ Materiak[ZL-20 (OMA- 110324 |~ Go,) | | Operator:| ﬂTﬂ*'-H.'p.s | [ Temp (°C):| 24.6
L Date:] F-&-is | RH (%):] #42 |
Notes:
No Go 4]
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BAM Friction Test Results

Load Rum # Comments
(Kg) 1[2[3]a][s[e6[7][8]o10]11]12]13]14]15[16]17][18]19]20
0.8 X SAAP! ¢jedn
de [X Cruclcle | ele
rqy [OX =
£.0 [@] )( :an
73 [0]00lx Sunp C\jt'—:"h
2.4 |ololo|lblolX Chige
.o |ololololololOlo|oldlalololalUlo[ololo]lo] — '
il 23 1 L9251
Aol it
. IS
[ material:| Ct-20  /DmR-l103~ #] -44] | [ operator:] Tkl es ] [ Temp (") a4y
| pate:] F-iis [ [ RH(%):] 4.2
Notes:
No Go 0
BAM Friction Test Results
Load Run #
) |1]z[3]4]s|6]7]8]910]11]12][13]14]15[16]17[18]19]20 fofmonty
10.8 X saap
a, lololdloloX Crackle
g."f X RYZTY
LIS SHVAPT +ejeddy
71 0lolololololg o]0 [OlolOo[Te [D[Oald
A\.
T, (Oufie) ™
[ 4
I T
N A

[ Material:[CL-30 (Dﬁq/{l—llﬂ3-#|'t¢ s) | [ operator:] = Ahilips | [ Temp(o):[ 7244

Date:] ¥-6b-15

[ RH (%) :]| 4.

Notes: y
Cne shhic; Audls eas!
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8 Appendix 3: ESD Sensitivity Test Data

ABL ESD Test Results

Cap. | Energy Run # |Blank Image
(pF) [1)] 1| 2|3|4|5(/6]7[8)9|10/11)12]13/14]|15[16|17[18]|19]20
00s [0.eas L LI |
Run Rel. Image — ?\
0.02]Cas[x L= |
Run Ref. Image — | &
0.04]0.1s O 4 ]
Run Rell Image — G '?
2006 leors [B[ OO0 Ol Olo ool alolelolelooleloled] [& ]
Run Ref Image | 9 1O\ V1374 [(She [17[1#[13[20[2\[ad 2324252t [27 o
I
Run Ref. Image —
L 1
Run Ref. Image —
[ 1
Run Ref. Image — | |
Run Ref. Image — | |
Run Ref. Image =
| ]
Material:  [CL-20, AMAMasac-50 | Temp (°C):| 22.¢_| [ Operator:]  T.Ahitps |
Date: | f=i7~ts ] RH (%): |S4-2 | [ TestType:| Approaching needle |

Notes:
= Mederial  peceved d»f

= Uf_\\{ l’.l“-.p}r E Ciump} e be b roley - i _‘—pﬂqu
~ Sl lag  (Comprad b D - 42)

ABL ESD Gas Analyzer Results (ppm)

fﬂL?af’ 29

Cap. | Energy Run #, Pre-shot/Post-shot
(1F) m . 2 3 + 5 6 7 8 9 10
co, |7/ > / |- / / /
0.05 | 0.6as co 379/ > /ju\/\{\/}//\?“ &/f\l/\af/\/?\
o, |za\/=> /
oonloas| | & Baas| AT M N NN
co;, [396/396[330; / ; / / / / P 7
0.013 |0.15 co payhpdzs) s> f\//\r/\‘f/’ \'f/\'H/L/f\/
0, [393/348|399 3L =47 jho) [tok sLiok [HOF 411|407 tos |3 35376 | 32338 |28 381381 /hi7 23]
0.00k[0.075 o [33.3 pho 39.9/40.1|38. | 74U [39.0 g b |59 /300 |33 9434|380/ 305 32,0414 |32 /04 |58 4,
co, / / / ¥ / / / / / /
co / / / ¢ ! ! ! / / /
11 12 13 14 15 16 17 18 19 20
co, |38 /qoy| 383,225 334325 (333 /336 [39% /373 (357 /39K | 378293 [375 J25y 372 /37\ [377 /179
0.000 P.o75 co  |35.0/417| 33.0/40938.0/40.7| 3. Oy tio.| 38.0/42.0|32.0 447|379 /40.3| 380 7410 |33, 040) |33.4 7402
Co, / / / / / / / / / /
co 1A /! / i / / 1A / / !
co, / / / / / / / / / /
co £ i / b / / / / / f
co; / / / / / / / / / /
co i £ / i / / / / / !
co; / / / / / / / / / /
co / / / / - / / / / / !
Material: . M 2545 - 40 Temp (°F): | 2%.b | [ Operator:| . Phillps |
Date: =17~15 RH(%): | 344 | | Test Type: Inggruarhing needle I

27



SNL-SSST-20151022

ABL ESD Test Results
Cap. | Energy Run # [Blank lmagle_l
(uF) 1j2zl3|4fs5]e|7|a|vlrw|arf12]13{14]15]16]17|18|19]20
005 | @623 X I
Run Rel. Image - | 7
don [0.15 [O]n|d|o|Olele [0]o]o[@|o]Olg olo|ololo L=z |
Run Ref. mage — & [ [ (o[ (U123 ]eq [ (s 16 [tz [ @ (2 |29 21]2a[23[ay | 2s[26[27
0.0% [0.25TOIO[K = 1
RunRef.lmage = |6 [7 ] &
| |
Run Rel. Image —
[ 1
Run Ref. Image —
[ |
Run Ref. Image —
- —
Run Ref, Image —
[ | |
Run Rel. Image -
[ |
Run Ref. Image —
I | 1
£ £20
[ Material: [cLl-do ] [Temp °F):] 227 | [ operator:] 3. klLas ] 1L 0
| Date: | G-tris | RH(%): |Ss2 | | Test Type: |Approaching needle | S ’J. ]
= 3
Notes: blead M &Sl 2 \ O-]l /
\ﬂ__r_/
ABL ESD Gas Analyzer Results (ppm)
Cap. | Energy Run #, Pre-shot/Post-shot
(1F) 0] 1 2 3 4 5 6 7 8 9 10
co, PFe7/ > / % L e
0.0 0_5’)—:‘ co - > {\_//\"’/i\//fX/\q/ /\_//\// ; ;
i €0, |u00 /603 [ 394/ 3a4 [298 jloH 1393 ja03 387 /396 |393 /4o [380 /372 (3799 /393 (377 j405 |37F (385
0 0-\s CO 3 Y44 3uy 7 /67 |6 23 |20 Jhel g /457 [Gue /433 ULO 43s 0.1 /44 |yo.# /949 |Hos [z
€O, :mugn 29% fyol |38 / 4 / i
0.0 |0.25 o W3 fialuzomes by g /835 / /\/&/KJ//\“/\/\-/;\/M
€0, / / / { ! / / / / ¥
co / / L / L Vi / / / A
co, / /! / i ! / / / / ¥
co / £ / i L Vi / / / I
11 12 13 14 15 16 17 18 19 20
o, 3797394 237305 |297 397 [38F /i4pb 40O /396 |34i /3ab ST 590 |38 /20 287 /399 176 /394
O.00%|0.15 €0 lho.6 /433 kot /44N |60 3 /44,1 |39.9 /AUO | 4o /40T [34.8 /415 | 307408 |38 finn s |aa.7 4435|392 / 41 5]
€0, / / / f / / / / / /
co Vi L / / Fi Fi / / / /
o, / / / / 4 / / / / /
o / / / / ) / / / /
o, / / / / / / / / / /
co / / jl / L L 4 / / /
o, / / / / / / / / / /
co / / / / / / / / / /
[ Material: | C(-20 , Wwa mMasw-42 | [ Temp(C): [ 727 | [ _Operator: | T Phi|lps |
| Date: | [N G RH(%): [5£3 | |_TestType: |  Approaching needle |
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ABL ESD Test Results
Cap. | Energy Run # | Blank Image

(pF) m 2[3|alslel7[8]|9l10]11]12]13]14]15]16]17]|18[19]20
0.5 | 6.2s | { |
Run Ref. Image —

L= 1
L <= 1

o1 Jlas
Run Ref. Image —
0.25[ 2138
Run Ref. Image — ||
[ Z = [ ]
Run Ref. Image — e, el

~Nlo

\a._//

Run Ref. Image —+

Run Ref. Image —

ks
Run Ref. Image — | |
Run Ref. Image —

Run Rel Image —

]

Material: __|(L-30 [ Drg- l1o3-3 | - 33) | [Temp(°c):[ 234 | Operator:| 3. A0 as |
Date: | 4-4~15 | RH (%): | 42% | Test Type: | Approaching needle |

Notes:
o, donly , Freefloming white powde

ABL ESD Gas Analyzer Results (ppm)

Cap. | Energy Run #, Pre-shot/Post-shot
(uF) ) 1 2 3 4 5 6 7 ] 9 10
co, [#ol /5e7 s A ~ A - & f /
0.s |(25 o |6 y30 //i/ \/l,\_, _\;{—/ \7/ \/\J ;\/ _\/\ //ﬁ/f\{\
v €O, |EN /3341 /430409 p430 [HIL (a7 (M /440 (411 433 (410 /43 |15 ja37|di7 1430 (@ fyu)
0. |l.as 0 |85 M |5 45 j14]5 41815 sl |5 n3 |8 s1s|5 /9 |5 s
[ CIVEC N / R - - —
0as |ias o |5 //Y/\‘/::\'/ \7/ \L/; /,/j’\.,/“\y// \",{/\/j\/ \_,lf —
C0; i / / / / / / / / /
co rd i L i L L i _ [ !/ /
co, /! / / / ! / ! / / /
co / / / / / / / / / /
11 12 13 14 15 16 17 18 19 20
L | as €0, (417 A4 1417 feiqo 43 /M5 430 /450 | A41F su3e [Ho7 jy3e (405 /491 [4I0 /430 |40 /44O Ll fu4s
ol |t w |5 /6|5 s14]5 0[5 /85 15 |5 sia|5 s |5 si0 |5 s30|s s
Co; / / / ! ! / / / f /
o L / / / / ! /! !/ / /!
o, i / / / / / / / / /
co / / / / / Vi / / / /
Co; / ! / / ! / b / / /
co ’d ! i / / / /! / ! /
Co, i / / / F / / / / !
co i / / / / / 4 / L /

Material: [/ (~35 [ DOMA-lio3-5- 38) | Temp (°C): | 234 Operator: | T Philliss ]
Date: | £ -4-15 | RH (%): 47.9 Test Type: | Approaching needle |
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